AI, Algorithms and Machine based automation of executive functions in enterprises and institutions is an important niche in the current considerations about the impact of digitalization on the future of work. Building platforms for CxO automation is challenging. In this paper, design principles based on computational thinking are used to engineer the architecture and infrastructure for such CxO automation platforms.
Introduction
There is great interest to research and discuss challenges, concerns and aspects of Future of Work, due to the disruptive impacts on human labor, employment, careers, and professions, of advances in digital technologies such as automation, AI (artificial intelligence), machine learning, robotics, drones, etc. Most of the current focus is on the replacement of human labor in various jobs and occupations, by substituting intelligent, smart, knowledge-based machines. Several topics and themes addressed in such discussions include: job automation; human labor, asset and capital replacement in jobs; human augmentation, assistance, prosthesis with intelligent cognitive assistants, bots, agents; human-computer (or machine, AI, robots, drones) collaboration and cooperation.
It is widely accepted and anticipated that advanced digital technology will have tremendous impact and consequences for the future of work within the next decade (10 to 20 years), (Balliester & ElSheikhi 2018 , World Economic Forum, 2016 .
Users (Who is to Learn): Higher Education Students, Employees of MNC-GWC-LSE; Employees of SME (Tech) Start Ups. (MNC: multinational corporations; GWC: global worldwide corporations; LSE: large-scale enterprises; SME: small and medium enterprises).
 Use as basis or foundation for Serious Games; Simulations; and Synthetic Data Generation.
Providing insight about CxO functions to outsiders.
The learners and students can use the platform to explore, discover, understand, and gain insight, familiarity, experience and expertise about human cognitive augmentation that enable human employees to survive in future corporate work environments based human-machine partnerships that result from the impact of digital and advanced automation, intelligent technology on the future roles and practices, in the future of work.
Learning Content (What to learn about): New, advancing technologies; new, incoming work environments and workspaces (which are digital, intelligent, smart, quantified via pervasive distributed sensor networks and IOT infrastructures); human augmentation (intellectual, intelligence amplification, prosthesis and exoskeletons); human cognition augmentation for corporate work; corporate work teams of diverse flavors (all-human, all-human with augmented humans, human-machine partnerships and collaborations, human-robot-drone-bot-agent partnerships). Also learn about: extreme, disruptive, data-driven automation, as well as extreme (Big) aspects of the new socio-technical world: scale, volume, velocity, variety and complexity.
The intelligent and smart applications (bots, agents) to be developed and embedded in the Platform Architecture be will used for several goals aligned with several Future of Work (FOW) strategic objectives: instruction, training, gaining experience and expertise in executive management and supervision of future work teams that in various configurations, such as all-human teams with augmented and cognitively enhanced humans, humans with (cognitive, emotional, social, motivational) intelligence amplification, allrobot, all-drone, all-machine, all-bot teams, mixed human-machine teams, hybrids, chimeras and equivalents of colony organisms; continuous, iterative, agile learning; re-training, skill acquisition; gaining understanding and insights into human performance in a sea-of-machines.
In related work, the National Science Foundation (NSF, US) has a funding program in place for research on the implications and applications of Intelligent Cognitive Assistants (ICA) in Human Augmentation for Future of Work, (Oakley, J., (2018) .
Materials and Methods
The following principles and digital technologies based on them have been integrated to guide how to build the Architecture of the CxO Automation Platforms. Ultimately, the Architecture integrates several digital technology into digital assistive technology (digital soft prosthesis and exoskeleton), delivered as: (1) intelligent learning companions; (2) work role cognitive companions (assistants, avatars); (3) and server platforms.
The technologies planned for integration include: learning-as-innovation (computational, design, constructionism, systems, agile, lean, and PDCA thinking); assisted deep human learning, (motivation & persuasion engineering, game, gamification systems); self-* automonomics, computational heuristics (G. Polya, I. Lakatos, HA. Simon); cognitive architectures; data-driven computational systems, (soft computing, 5 tribes of algorithms (P. Domingos), Big Data); synthetic data generation and data augmentation, computational manipulations (algebraic, semantic) of attributed structures: (data, information, knowledge, metadata-intelligence) x (spatial, temporal, mereological-multiscale), ER model (hence, semantic networks, semantic web, associative structures, data dependency networks, (multidimensional) spreadsheets); visualization and digital visual-tangible-haptic manipulations, augmented reality (AR) based knowledge-information-data-intelligence-metadata manipulations).
Some of the concrete topics and themes to be initially supported: working in corporate teams of humanmachine (robot, drone, bot, agent) partnerships; working with all-machine teams; corporate workforce impact of new digital and soft technologies (AI, algorithmic intelligence, IT and ICT).
Results and Discussion
The overall architecture of the Platform, as currently conceived, conceptualized and engineered is shown in Fig. (1) . The Platform's architecture design, inevitably, will be modified, adapted and re-engineered, based on the results obtained as the research proceeds. What is highlighted is the Platform in its context of a real, actual, authentic corporation, enterprise or institution, subject to the forces involved in the interaction of digital technology and future of work. The real enterprise itself, (geographically and potentially globally, spatially and geographically distributed), exists in the context (ambience or surrounding) of the external physical environmental, ecological and societal-social-political-economic environment, world or space.
The Platform itself is a digital world isolated, segregated and separated from the physical enterprise with which it's associated or coupled; hence a virtual, digital micro-world. Data generated by the physical enterprise (in most instances in the form of massive scale Big Data) will be injected into the Platform, after pre-processing.
Since the Platform embodiments and deployable structures will be digital micro-worlds, a key and essential aspect of the proposed research is the use of Synthetic Data Generation (SDG) and Data Augmentation digital technologies to provide realistic Big Data sources and data streams that drive the intelligent agents organized and incorporated into the Platform. Essentially, real, authentic data from the associated enterprise will be manipulated using digital technology to obtain (virtual, synthetic, fake, counterfeit) data with some specified measure of realism, authenticity and credibility that can serve as that data sources for the Platform's sensors, detectors, meters and instruments that perform is data collection, gathering, acquisition, capture, and harvesting. Synthetic data can also be generated from relevant sources in the external context of the enterprise, (matching marketplaces, dual sided and multisided platforms, smart city IOT, transportation IOT, utilities IOT, public health IOT, and healthcare IOT).
Some What-if scenarios the Platform is designed to facilitate include:
Corporate mergers and acquisitions Corporate re-organizations, re-engineering, evolution, upgrades, transitions and migrations Employee and workforce (skillset) digital augmentation Managing, supervising all-robot, bot or digital agent teams for work projects, missions, tasks.
Using autonomous robots for middle management, especially, digital agents managing humanrobot-agent-bot teams Integrating disruptive technology into enterprise and corporate strategy, plans, tactics and pragmatics.
Employee and workforce adaptation to (digital) technology, including scenarios of replace, substitution or usurpation of roles vs. augmentation, cooperation and collaboration, (where to work, where to conduct work, when to work, how to work, how often to work, which work, what work, how long to work, who to work for, self or other; why to work).
"iLities" Management and Analytics: impacts on productivity, throughput, efficiency, efficacy, quality, safety, security, convenience Employee adaptation and learning: hard STEM skills; soft social intelligence, emotional intelligence and interpersonal skills.
Queries, questions, analysis and what-if scenarios to gain insight about impacts on technology on future of work are ultimately concern business and corporate roles and role inter-relationships and associations Therefore, computational models are required and needed to represent corporate roles. The Platform Architecture uses attributed structures to computationally model corporate roles and role complexes. Attributed structures are extensions of attributed parse trees and syntax trees of attribute grammars (2-level grammars) (D. E. Knuth). Topologically, the role models can be spatial structures (graphs, hypergraphs, networks, tessellations, tiling, honeycombs, polyhedral, polytopes of combinatorial topology), temporal diachronic structures (sequences, streams, time series, lifestreams), and mereological structures (multi-scale, nested hierarchies, heterarchies and holarchies). Algebraically, these structures can be symbolized as elements of scales of sets (N. Bourbaki), which equivalent to Grassmann multiple quantities that form the hierarchy or staircase of scalars, vectors, arrays, tensors and holors.
As a further refinement, each role, as an individual node in the computational structures noted above can be represented using the (entity-relationship) ER model. Each role is entity or relationship object, with associated attributes (properties, features, properties, qualities), and attribute values. With such computational models, termed the ADAAM technology (augmented data and augmented metadata), corporate roles can be analyzed, and changes, impacts or effects, determined using of comparisons of human-based roles and machine, automation and digital agent technology based roles.
The internal logical architecture of the Platform can be design to mirror and reflect the internal details of the generic LSE or MNC enterprise. Suitable model for representing such is the Value Chain Model, which consists of a coupling of a Supply Chain Model and a Demand Chain Model [Michael Porter] . A further refinement of the Value Chain Model is shown in Fig. (2) , again based on [Michael Porter], but extended to be a Dual Process Model architecture, wherein one sub-system is quick and automatic, while the other sub-system is slow, reflective and autonomic (involved with meta, self-* management concerns, aspects and roles).
The enterprise structure at this scale can be re-interpreted as a pipelined computer architecture, with aspects which include multi-scale, super-scalar and multi-pipeline or poly-pipeline features.
The implementation embodiment can use a service oriented architecture (SOA) framework, employing one or more enterprise system buses (ESB) to organize multi-agent system (MAS) servers, services, digital ants: workers, bots, agents, chatbots, digital assistants, which are integrated, inter-coordinated, choreographed and orchestrated into star schema and snowflake schema (tree, forest) architectural patterns, see Fig. (3) .
The intended and anticipated use of the CxO Automation FOW-ISP Platform can be appreciated by considering the platform as a digital technology, and IT (hardware and software testbed) equivalent of flight simulators, wind tunnels and micro-worlds. Existing, putative, potential, aspiring CxO's and students (particularly from female, minority and disadvantaged populations) can use the Platform for training, education, learning and teaching (TELT) activities. The Platform will be designed the following activities:
(a) Exploration: Tasks will include: discovery of impacts, effects, what-if scenarios and cases, simulations, sandbox play and serious games (simulations, games, modeling + play, animations and visualizations (SGM+PAV)). Other learning opportunities will include investigating and querying about CxO employee augmentation and intelligence amplification (cognitive, skills, emotional, affective, motivational, behavioral) , as well as the role of persuasion technology for attitude and behavior change. Another set of tasks is using the Platform to investigate digital agents, bots and digital ants, augmented reality (AR) applications and corporate management digital avatars, that can serve as CxO executive digital prosthesis, exoskeleton, intelligence amplifier and intelligence augmentation.
(b) Practice on coping with emergencies, disasters (EDC) and crisis management and fault-tolerance (EDC/FT), in the era and context of digital technologies and future of work. Tasks and scenarios will include mitigation, short term (tactical) responses, and long (strategic) recovery, as well as EDC prevention and avoidance. This aspect will also include rehearsals and dramatizations, virtual or digital boot camp for CxO, training and instruction for "decision making, planning, and collaboration."
(c) Learning about long term evolution and trends of digital technology and future of work. Platform users will be able use the Platform as a safe digital micro-world to create scenarios and cases that result in corporate and organizational failures, particularly those due to "big data" features of complexity, variety, volume, scale and velocity or speed. The Platform will provide opportunities to CxO's to gain familiarity, experience, expertise and deep human learning about the clash of digital technologies and the future of work.
It is anticipated that the deployable versions of the Platform shall be integrated, coordinated, orchestrated and choreographed (colony organisms, super-organisms, super-craft) of ensembles and collectives of modular intelligent, smart and digital agents, bots, automata and machines (digital ants). The Platform's dynamic assemblage structures will be architected and designed to be reconfigurable, reprogrammable, re-usable, multi-scale and compositional.
The human-machine (human-computer, human-digital agent) interfaces of the Platform are designed to be CxO-targeted, domain-specific and application-specific or task-specific digital dashboards, scorecards, and analytic applications for business intelligence.
Some What-if scenarios the Platform will be designed to facilitate include:
Corporate mergers and acquisitions
Corporate re-organizations, re-engineering, evolution, upgrades, transitions and migrations
Employee and workforce (skillset) digital augmentation
Managing, supervising all-robot, bot or digital agent teams for work projects, missions, tasks.
Using autonomous robots for middle management, especially, digital agents managing humanrobot-agent-bot teams
Integrating disruptive technology into enterprise and corporate strategy, plans, tactics and pragmatics.
Since the Platform embodiments and deployable structures will be digital micro-worlds, a key and essential aspect of the proposed research is the use of Synthetic Data Generation (SDG) and Data Augmentation digital technologies to provide realistic Big Data sources and data streams that drive the intelligent agents organized and incorporated into the Platform, (Fig. 4) . Essentially, real, authentic data from the associated enterprise will be manipulated using digital technology to obtain (virtual, synthetic, fake, counterfeit) data with some specified measure of realism, authenticity and credibility that can serve as that data sources for the Platform's sensors, detectors, meters and instruments that perform is data collection, gathering, acquisition, capture, and harvesting. Synthetic data can also be generated from relevant sources in the external context of the enterprise, (matching marketplaces, dual sided and multisided platforms, smart city IOT, transportation IOT, utilities IOT, public health IOT, and healthcare IOT).
The Platform itself is a digital world isolated, segregated and separated from the physical enterprise with which it's associated or coupled; hence a virtual, digital micro-world. Data generated by the physical enterprise (in most instances in the form of massive scale Big Data) will be injected into the Platform, after pre-processing. This is an architectural realization of the Digital Twin concept, (Datta 2016 , Marr 2017 , Grieves 2014 .
Fig. (4): CxO Automation Platform as Operational Deployable Architecture
Digital Twin Architecture
The underlying Project is also studying augmentation of human cognition to support corporate employee learning, (Fig 5) , knowledge acquisition and expertise development for re-skilling preparedness for future of work in the next decade. The initial scope of the content to be learned shall be limited to a) new digital technologies (characterized by being advanced, intelligent, smart, cognitive, AI-driven, data-driven, using algorithmic intelligence, and computational intelligence, disruptive, pervasive and ubiquitous); b) human cognition augmentation as assistive technology, and human physical abilities augmentation using smart, intelligent digital prostheses and exoskeletons; c) use of human cognition augmentation in corporate work roles; d) future human roles in corporate future of work (FOW) that utilizes all-machine teams, or hybrid cohorts based on human-machine partnerships, collaborations and cooperatives.
The FOW learning application of the Platform has the following focus:
1 Assessing and evaluating the learning environment, platform performance, effectiveness and efficiency. 2 Student learning performance. 3 Student leverage of learning: retention, transfer, creativity. 4 Effectiveness of using the Platform as opportunity for aspirants and students who are women, minorities and members of disadvantaged groups, to learn, train and become experienced with working and managing the new workforce and workspaces.
Consequently, the CxO Automation FOW Platform can be utilized to achieve the following aims:
1 Advance Human Cognitive Capabilities, via lifelong learning on an intelligent platform of learning companions. 2 Augment the learning aspect of human cognition, with learning companions of the platform as externally-resident digital intelligence amplifiers, prosthesis, exoskeletons. 3 Augment human performance, workplace skillsets, deep learning about new, intelligent, digital technologies as disruptive influences.
The human-machine (human-computer, human-digital agent) interfaces of the Platform is designed to be CxO-targeted, domain-specific and application-specific or task-specific digital dashboards, scorecards, and analytic applications for business intelligence.
Fig. (5). Learning Environment for Human Cognition Augmentation
The platform can be extended for dynamic, continuous, lifelong learning of human cognition augmentation in the context of future of work.
The following specific types of fundamental scientific research based on the Platform: * Assessing and evaluating the learning environment, platform performance, effectiveness and efficiency.
* Student learning performance in knowledge (learning content) acquisition: velocity, variety, complexity, volume and scale, correctness and integrity.
* Student leverage of learning: retention, transfer, creativity.
* Effectiveness of using the Platform as opportunity for aspirants and students who are women, minorities and members of disadvantaged groups, to learn, train and become experienced with working and managing the new workforce and workspaces.
* Collaborative research on Project multi-disciplinary impacts: corporate economic, social-psychological, STEM.
* Potential impact of Project's platform on nation's economic performance.
Lifelong learning can be modeled as continuous total quality improvement. Thus, one can support such learning by emphasizing strategies and techniques of PDCA (Plan-Do-Check-Act) (Deming), Agile tactics, Lean thinking, Lifestream-as-ADT manipulation (Gelernter), continuous heuristics (G. Polya, I. Lakatos).
Summary and Conclusions
Automation of CxO functions needs to be addressed as part of the disruptive impacts of advances in digital technologies on Future of Work. Several design and engineering principles, including modularity, multiscale structure, digital twin, ADT manipulations based computational thinking, can be used to create the complex architecture required for a platform that can be used to implement and embody CxO automation.
